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PROBLEM TO BE SOLVED: To suppress deterioration 
of characteristics of a ferroelectric capacitor as to a 
semiconductor device which has the ferroelectric 
capacitor. 

SOLUTION: The semiconductor device includes an 
insulating film 22 formed on a semiconductor substrate 
10, a 1st electrode 23 of the capacitor formed on the 
insulating film 22, a ferroelectric film 24 which is formed 
on the 1st electrode 23 by an MOCVD method and of <1 
x 1019 pieces/cm3 in the density of particles having 
reducing operation, and a 2nd electrode 25 of the 
capacitor Q formed on the ferroelectric film 24. 
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* NOTICES * • " 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim 1] The concentration of the particle which is formed of CVD on the insulator layer formed 
on the semi-conductor substrate, the 1st electrode of the capacitor formed on said insulator 
layer, and said 1st electrode, and has a reduction operation is 3 1x1019 pieces/cm. 
Semiconductor device characterized by having the ferroelectric film for said capacitors which is 
the following, and the 2nd electrode of said capacitor formed on said ferroelectric film. 
[Claim 2] Said particle is a semiconductor device according to claim 1 characterized by being a 
hydrogen atom or a heavy hydrogen atom at least. 

[Claim 3] Said ferroelectric is a semiconductor device according to claim 1 or 2 characterized by 
being a PZT system ingredient or Bi layer structure compound ingredient. 

[Claim 4] The process which forms the 1st electrode of a capacitor through an insulator layer on 
a semi-conductor substrate, The process which forms the ferroelectric film of said capacitor 
with a CVD method on said 1st electrode, In the manufacture approach of a semiconductor 
device of having the process which forms the 2nd electrode of said capacitor on said 
ferroelectric film, and the process which forms the film above said capacitor, at the process after 
forming said ferroelectric film It is the concentration of a particle with a reduction operation into 
said ferroelectric film 1x1019 pieces/cm 3 The manufacture approach of the semiconductor 
device characterized by making it the following. 

[Claim 5] The process which forms a transistor in a semi-conductor substrate, and the process 
which forms the 1 st electrode of a capacitor through an insulator layer on said semi-conductor 
substrate, In the manufacture approach of a semiconductor device of having the process which 
forms the ferroelectric film of said capacitor on said 1st electrode, the process which forms the 
2nd electrode of said capacitor on said ferroelectric film, and the process which forms the film 
above said capacitor The concentration of the particle which has the reduction operation in said 
ferroelectric film at the process after forming said capacitor is 3 1x1019 pieces/cm. On the 
conditions which become the following The manufacture approach of the semiconductor device 
characterized by having the process which heats said semi-conductor substrate in a hydrogen 
content ambient atmosphere in order to improve the property of said transistor. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device which has a 

ferroelectric capacitor in more detail about a semiconductor device. 

[0002] 

[Description of the Prior Art] Even if it turns off the power, information can be held, and 
ferroelectric nonvolatile memory (FeRAM) attracts attention as memory which can moreover 
perform writing and read-out in power saving. FeRAM has the memory cell which consists of a 
transfer transistor and a ferroelectric capacitor. The ferroelectric capacitor has the structure 
which sandwiched the ferroelectric film with the lower electrode and the up electrode. 
[0003] the ferroelectric film which constitutes a ferroelectric capacitor — Bi layer structure 
compound ingredients, such as PZT system ingredients, such as titanic-acid lead zirconate 
(PZT) and the La dope PZT (PLZT), and SrBi2Ta 209 (SBT, Y1), SrBi2(Ta, Nb)209 (SBTN, YZ), 
etc _ it is — those ingredients — a sol gel process, a spatter, and MOCVD — membranes are 
formed by law etc. 

[0004] Usually, the ferroelectric film crystallizes the ferroelectric film to a perovskite structure 
by heat treatment, after forming the ferroelectric film of an amorphous phase on a lower 
electrode. Subsequently, an up electrode is formed on the ferroelectric film and capacitor 
structure is acquired. 

[0005] It is common to use platinum (Pt) as an ingredient of an up electrode. Although the up 
electrode using platinum has small leakage current and there is an advantage, like the hysteresis 
curve of the polarization property of a capacitor can be enlarged, it is known that a fatigue 
property is bad, that degradation in the process in which a semiconductor device is made is 
large, and that dependability is bad. About such a Pt up electrode, it will be Japan Society of 
Applied Physics 29 a-K -4 for example, in autumn (59 times) of 1998. There is a publication. 
[0006] In order to solve the trouble of Pt up electrode, development of the up electrode which 
used oxidation electric conduction material, such as Ir02 and SrRu03 (SRO), is performed. 
About forming an up electrode from Ir02, ISIF 2000 and 12 th International Symposium on 
IntergratedFerroelectrics Nop.017C have a publication, for example. Moreover, about using the up 
electrode which consists of SRO, Japan Society of Applied Physics 2 p-A -6 will have a 
publication in spring (60 times) of 1999, for example. 

[0007] By using the electrode which consists of a conductive oxide ingredient like them Ir02 and 
SRO, a fatigue property and degradation can be controlled and dependability can be improved. 
[0008] On the other hand, it is known well that reducing atmosphere, especially a hydrogen atom 
will degrade the property of a ferroelectric. Therefore, the approach of forming a semiconductor 
device, as a ferroelectric and hydrogen are not contacted has been taken. K.Kushida-A., 
J.Appl.Phys, .85, 1069, and 1999 **** — PbO formed on the up electrode Preventing the 
diffusion to the ferroelectric film of the hydrogen which penetrates an up electrode with the film 
is reported. [ for example, ] 

[0009] moreover, TiO which does not let water pass between a ferroelectric and an interlayer 
film in the patent No. 3157734 official report etc. — the film was formed and diffusion of the 
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hydrogen to a ferroelectric is* prevented. 

[0010] Furthermore, at JP,8~37282,A, it is the hydrogen atom concentration in an interlayer film 
10x1021 pieces/cm 3 It is shown that degradation of the ferroelectric film resulting from a 
hydrogen atom can be controlled by making it below. 
[0011] 

[Problem(s) to be Solved by the Invention] It may be able to stop however, being able to aim at 
an improvement of component properties other than a capacitor by the various structures 
conventionally adopted in order to prevent reduction of a ferroelectric capacitor being what 
increases the process of semiconductor device manufacture, or avoiding a hydrogen process 
superfluously. 

[0012] The purpose of this invention is to offer the semiconductor device which can control 
degradation of a ferroelectric capacitor property, and its manufacture approach. 

[0013] . 
[Means for Solving the Problem] The insulator layer by which the above-mentioned technical 
problem was formed on the semi-conductor substrate, and the 1st electrode of the capacitor 
formed on said insulator layer, The concentration of the particle which is formed of CVD on said 
1st electrode, and has a reduction operation is 3 1x1019 pieces/cm. Ferroelectric film for said 
capacitors which is the following, It is solved by the semiconductor device characterized by 
having the 2nd electrode of said capacitor formed on said ferroelectric film. 
[0014] Moreover, the process at which the above-mentioned technical problem forms the 1st 
electrode of a capacitor through an insulator layer on a semi-conductor substrate, The process 
which forms the ferroelectric film of said capacitor with a GVD method on said 1 st electrode, In 
the manufacture approach of a semiconductor device of having the process which forms the 2nd 
electrode of said capacitor on said ferroelectric film, and the process which forms the film above 
said capacitor, at the process after forming said ferroelectric film It is the concentration of a 
particle with the reduction operation in said ferroelectric film 1x1019 pieces/cm 3 It is solved by 
the manufacture approach of the semiconductor device characterized by making it the following. 
[0015] Moreover, the process at which the above-mentioned technical problem forms a 
transistor in a semi-conductor substrate, The process which forms the 1st electrode of a 
capacitor through an insulator layer on said semi-conductor substrate, In the manufacture 
approach of a semiconductor device of having the process which forms the ferroelectric film of 
said capacitor on said 1st electrode, the process which forms the 2nd electrode of said capacitor 
on said ferroelectric film, and the process which forms the film above said capacitor On the 
conditions from which the concentration of a particle with the reduction operation in said 
ferroelectric film becomes less than [1x1019 //cm ] three at the process after forming said 
capacitor In order to improve the property of said transistor, it is solved by the manufacture 
approach of the semiconductor device characterized by having the process which heats said 
semi-conductor substrate in a hydrogen content ambient atmosphere. 

[0016] It is total of the concentration of the particle which has the reduction operation in the 
ferroelectric film according to this invention, for example, the concentration of a hydrogen atom 
and a heavy hydrogen atom, 1x1019 pieces/cm 3 Since it considered as the following, 
degradation of the ferroelectric resulting from hydrogen, heavy hydrogen, etc. was prevented, the 
property of a ferroelectric capacitor could be controlled, and things became clear by experiment. 
[0017] Moreover, it is total of a hydrogen atom and a heavy hydrogen atom 1x1017 pieces/ cm 3 
By considering as the following, degradation of a capacitor property can be prevented further. 
[0018] 

[Embodiment of the Invention] The operation gestalt of this invention is explained based on a 
drawing below. 

[0019] Drawing 1 - drawing 1 6 are the sectional views showing the manufacture approach of the 
semiconductor device of 1 operation gestalt of this invention in order of a process. In addition, as 
a semiconductor device of this operation gestalt, FeRAM is mentioned as an example and 
explained. 

[0020] First, a process until it acquires the cross-section structure shown in drawing 1 is 
explained. 
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[0021] it is shown jn drawing" 1 — as — p-type silicon (semi-conductor) substrate 10 front face 
— LOCOS (Local Oxidation of Silicon) — the isolation insulator layer 1 1 is alternatively formed 
by law. STI (Shallow Trench Isolation) may be adopted as an isolation insulator layer 1 1 . 
[0022] Then, p mold impurity and n mold impurity are alternatively introduced into the 
predetermined active region (transistor formation field) in the memory cell field 1 of a silicon 
substrate 10, and the circumference circuit field 2, and p well 12a and n well 12b are formed. In 
addition, in the circumference circuit field 2, although not shown in drawing 1 , in order to form 
CMOS, p well (un-illustrating) is also formed. 

[0023] Then, the active-region front face of a silicon substrate 10 is oxidized thermally, and 
silicon oxide is formed as gate-dielectric-film 10a. 

[0024] Next, sequential formation of the amorphous silicon film and the tungsten silicide film is 
carried out all over a silicon substrate 10 top, patterning of these amorphous silicon film and the 
tungsten silicide film is carried out to a predetermined configuration by the photolithography 
method, and the gate electrodes 13a-13c and wiring 14 are formed. In addition, the polish recon 
film may be formed instead of the amorphous silicon film which constitutes the gate electrodes 
13a-13c. 

[0025] On [ of one ] p well 12a, two gate electrodes 13a and 13b are arranged at juxtaposition, 
and those gate electrodes 13a and 13b constitute a part of word line WL from a memory cell field 
1. 

[0026] Next, in the memory cell field 1, in p well 12a of the both sides of the gate electrodes 13a 
and 1 3b, the ion implantation of the n mold impurity is carried out, and n mold impurity diffusion 
field 15a used as the source drain of an n channel MOS transistor is formed. It can come, 
simultaneously n mold impurity diffusion field may be formed also in p well (un-illustrating) of the 
circumference circuit field 2. 



http://www4.ipdl jpo.gojp/cgi-bin/tran.web^cgi.ejje 



2004/05/26 



1/1 



* NOTICES * * " 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the semiconductor device which has a 
ferroelectric capacitor in more detail about a semiconductor device. 
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PRIOR ART 



[Description of the Prior Art] Even if it turns off the power, information can be held, and 
ferroelectric nonvolatile memory (FeRAM) attracts attention as memory which can moreover 
perform writing and read-out in power saving. FeRAM has the memory cell which consists of a 
transfer transistor and a ferroelectric capacitor. The ferroelectric capacitor has the structure 
which sandwiched the ferroelectric film with the lower electrode and the up electrode. 
[0003] the ferroelectric film which constitutes a ferroelectric capacitor — Bi layer structure 
compound ingredients, such as PZT system ingredients, such as titanic-acid lead zirconate 
(PZT) and the La dope PZT (PLZT), and SrBi2Ta 209 (SBT, Y1), SrBi2(Ta, Nb)209 (SBTN, YZ), 
etc. — it is — those ingredients — a sol gel process, a spatter, and MOCVD — membranes are 
formed by law etc. 

[0004] Usually, the ferroelectric film crystallizes the ferroelectric film to a perovskite structure 
by heat treatment, after forming the ferroelectric film of an amorphous phase on a lower 
electrode. Subsequently, an up electrode is formed on the ferroelectric film and capacitor 
structure is acquired. 

[0005] It is common to use platinum (Pt) as an ingredient of an up electrode. Although the up 
electrode using platinum has small leakage current and there is an advantage, like the hysteresis 
curve of the polarization property of a capacitor can be enlarged, it is known that a fatigue 
property is bad, that degradation in the process in which a semiconductor device is made is 
large, and that dependability is bad. About such a Pt up electrode, it will be Japan Society of 
Applied Physics 29 a-K -4 for example, in autumn (59 times) of 1998. There is a publication. 
[0006] In order to solve the trouble of Pt up electrode, development of the up electrode which 
used oxidation electric conduction material, such as Ir02 and SrRu03 (SRO), is performed. 
About forming an up electrode from Ir02, ISIF 2000 and 12 th International Symposium on 
IntergratedFerroelectrics Nop.017C have a publication, for example. Moreover, about using the up 
electrode which consists of SRO, Japan Society of Applied Physics 2 p-A -6 will have a 
publication in spring (60 times) of 1999, for example. 

[0007] By using the electrode which consists of a conductive oxide ingredient like them Ir02 and 
SRO, a fatigue property and degradation can be controlled and dependability can be improved. 
[0008] On the other hand, it is known well that reducing atmosphere, especially a hydrogen atom 
will degrade the property of a ferroelectric. Therefore, the approach of forming a semiconductor 
device, as a ferroelectric and hydrogen are not contacted has been taken. K.Kushida-A., 
J.Appl.Phys, .85, 1069, and 1999 **** — PbO formed on the up electrode Preventing the 
diffusion to the ferroelectric film of the hydrogen which penetrates an up electrode with the film 
is reported. [ for example, ] 

[0009] moreover, TiO which does not let water pass between a ferroelectric and an interlayer 
film in the patent No. 3157734 official report etc. — the film was formed and diffusion of the 
hydrogen to a ferroelectric is prevented. 

[0010] Furthermore, at JP,8-37282,A, it is the hydrogen atom concentration in an interlayer film 
10x1021 pieces/cm 3 It is shown that degradation of the ferroelectric film resulting from a 
hydrogen atom can be controlled by making it below. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to [ as stated above ] this invention, it is total of the 
concentration of the hydrogen atom of the ferroelectric film, and a heavy hydrogen atom 1x1019 
pieces/cm 3 Since it considered as the following, degradation of the ferroelectric resulting from 
hydrogen or heavy hydrogen was prevented, the property of a ferroelectric capacitor could be 
controlled, and things became clear by experiment. Moreover, it is total of a hydrogen atom and a 
heavy hydrogen atom 1x1017 pieces/cm 3 By considering as the following, the effectiveness can 
be heightened further. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] It may be able to stop however, being able to aim at 
an improvement of component properties other than a capacitor by the various structures 
conventionally adopted in order to prevent reduction of a ferroelectric capacitor being what 
increases the process of semiconductor device manufacture, or avoiding a hydrogen process 
superfluously. 

[0012] The purpose of this invention is to offer the semiconductor device which can control 
degradation of a ferroelectric capacitor property, and its manufacture approach. 



[Translation done.] 
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MEANS 

[Means for Solving the Problem] The insulator layer by which the above-mentioned technical 
problem was formed on the semi-conductor substrate, and the 1st electrode of the capacitor 
formed on said insulator layer, The concentration of the particle which is formed of CVD on said 
1st electrode, and has a reduction operation is 3 1x1019 pieces/cm. Ferroelectric film for said 
capacitors which is the following, It is solved by the semiconductor device characterized by 
having the 2nd electrode of said capacitor formed on said ferroelectric film. 
[0014] Moreover, the process at which the above-mentioned technical problem forms the 1st 
electrode of a capacitor through an insulator layer on a semi-conductor substrate, The process 
which forms the ferroelectric film of said capacitor with a CVD method on said 1st electrode, In 
the manufacture approach of a semiconductor device of having the process which forms the 2nd 
electrode of said capacitor on said ferroelectric film, and the process which forms the film above 
said capacitor, at the process after forming said ferroelectric film It is the concentration of a 
particle with the reduction operation in said ferroelectric film 1x1019 pieces/cm 3 It is solved by 
the manufacture approach of the semiconductor device characterized by making it the following. 
[0015] Moreover, the process at which the above-mentioned technical problem forms a 
transistor in a semi-conductor substrate, The process which forms the 1st electrode of a 
capacitor through an insulator layer on said semi-conductor substrate, In the manufacture 
approach of a semiconductor device of having the process which forms the ferroelectric film of 
said capacitor on said 1st electrode, the process which forms the 2nd electrode of said capacitor 
on said ferroelectric film, and the process which forms the film above said capacitor On the 
conditions from which the concentration of a particle with the reduction operation in said 
ferroelectric film becomes less than [1x1019 //cm ] three at the process after forming said 
capacitor In order to improve the property of said transistor, it is solved by the manufacture 
approach of the semiconductor device characterized by having the process which heats said 
semi-conductor substrate in a hydrogen content ambient atmosphere. 

[0016] It is total of the concentration of the particle which has the reduction operation in the 
ferroelectric film according to this invention, for example, the concentration of a hydrogen atom 
and a heavy hydrogen atom, 1x1019 pieces/cm 3 Since it considered as the following, 
degradation of the ferroelectric resulting from hydrogen, heavy hydrogen, etc. was prevented, the 
property of a ferroelectric capacitor could be controlled, and things became clear by experiment. 
[0017] Moreover, it is total of a hydrogen atom and a heavy hydrogen atom 1x1017 pieces/cm 3 
By considering as the following, degradation of a capacitor property can be prevented further. 
[0018] 

[Embodiment of the Invention] The operation gestalt of this invention is explained based on a 
drawing below. 

[0019] Drawing 1 - drawing 16 are the sectional views showing the manufacture approach of the 
semiconductor device oif 1 operation gestalt of this invention in order of a process. In addition, as 
a semiconductor device of this operation gestalt, FeRAM is mentioned as an example and 
explained. 

[0020] First, a process until it acquires the cross-section structure shown in dr^wrngj. is 
explained. 
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[0021] it is shown in drawing £ — as — p-type silicon (semi-conductor) substrate 10 front face 
— LOCOS (Local Oxidation of Silicon) — the isolation insulator layer 1 1 is alternatively formed 
by law. STI (Shallow Trench Isolation) may be adopted as an isolation insulator layer 1 1 . 
[0022] Then p mold impurity and n mold impurity are alternatively introduced into the 
predetermined active region (transistor formation field) in the memory cell field 1 of a silicon 
substrate 10 and the circumference circuit field 2, and p well 12a and n well 12b are formed. In 
addition, in the circumference circuit field 2, although not shown in drawingj. , in order to form 
CMOS, p well (un-illustrating) is also formed. 

[0023] Then, the active-region front face of a silicon substrate 10 is oxidized thermally, and 
silicon oxide is formed as gate-dielectric-film 10a. 

[0024] Next sequential formation of the amorphous silicon film and the tungsten silicide film is 
carried out all over a silicon substrate 10 top, patterning of these amorphous silicon film and the 
tungsten silicide film is carried out to a predetermined configuration by the photolithography 
method and the gate electrodes 13a-13c and wiring 14 are formed. In addition, the polish recon 
film may be formed instead of the amorphous silicon film which constitutes the gate electrodes 
13a-13c. 

[0025] On [ of one ] p well 12a. two gate electrodes 13a and 13b are arranged at juxtaposition, 
and those gate electrodes 13a and 13b constitute a part of word line WL from a memory cell field 

[0026] Next, in the memory cell field 1. in p well 12a of the both sides of the gate electrodes 13a 
and 13b the ion implantation of the n mold impurity is carried out. and n mold impurity diffusion 
field 15a used as the source drain of an n channel MOS transistor is formed. It can come 
simultaneously n mold impurity diffusion field may be formed also in p well (un-illustrating) of the 
circumference circuit field 2. Then, in the circumference circuit field 2. the ion implantation of 
the p mold impurity is carried out to n well 12b of the both sides of gate electrode 13c, and p 
mold impurity diffusion field 15b used as the source drain of a p channel MOS transistor .s 
formed, n mold impurity and p mold impurity — having good control of striking a ball in any 
direction — it is carried out using a resist pattern. 

[0027] After that, after forming an insulator layer all over a silicon substrate 10, etchback ot the 
insulator layer is carried out. and it leaves the gate electrodes 13a-13c and the both-sides part 
of wiring 14 as a side-attachment-wall insulator layer 16. as the insulator layer — for example. 
CVD (chemical vapor deposition) — silicon oxide (Si02) is formed by law. 

[0028] Furthermore, n mold impurity diffusion field 15a is made into LDD structure by us.ng the 
gate electrodes 13a and 13b and the side-attachment-wall insulator layer 16 for a mask, and 
carrying out the ion implantation of the n mold impurity again into n mold impurity diffusion field 
15a of the memory cell field 1. n mold impurity diffusion field 15a in the circumference circuit 
field 2 is also made into LDD structure at this and coincidence. Moreover, p mold impurity 
diffusion field is made into LDD structure by carrying out the ion implantation of the p mold 
impurity again into p mold impurity diffusion field 15b in the circumference circu.t field 2. 
[0029] Two MOS transistors T1 which have n mold impurity diffused layer 15a of the gate 
electrodes 13a and 13b and LDD structure in p well 12a according to the above process, and T2 
It is formed. Moreover, MOS transistor T3 which has gate electrode 13c and p mold impurity 
diffused layer 1 5b of LDD structure in n well 1 2b It is formed. 

[0030] Next the acid silicon nitride (SiON) film with a thickness of about 200nm is formed for an 
MOS transistor all over a silicon substrate 10 by the plasma-CVD method as wrap covering film. 
Then silicon oxide (Si02) of about 1.0 micrometers of thickness is grown up on the covering film 
3 as the 1st interlayer insulation film 17 by the plasma-CVD method using TEOS gas. 
[0031] Then, the 1st interlayer insulation film 17 is heat-treated for 30 minutes at the 
temperature of 700 degrees C in the nitrogen-gas-atmosphere mind of ordinary pressure as 
eburnation processing of the 1 st interlayer insulation film 1 7. after that — the top face of the 
1st interlayer insulation film 17 — chemical mechanical polishing (CMP) — flattening is carried 

out by law. . 

[0032] Next, a process until it forms the structure shown in drawing 2 is explained. 

[0033] First, patterning of the covering film 3 and the 1st interlayer insulation film 17 is carried 
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is formed in the 1st interlayer insulation film 17, respect.vely. Then, it is T.N ot '' W* 1 ™™ 
F. f^nnm of thickness and 50nm of thickness to the 1st interlayer insulat.on film 17 top face 
a d ?o?iT. - *S.i1Lta5lm (titanium night RAIDO) is formed in order by the spatter. 
Turth^more it is TiN about a tungsten (W) by the ^^J^^^^ Lt 
will be in the condition that the tungsten film was embedded in contact holes 1 /a 1 /d ana 



SSaS Then the tungsten film, a TiN thin film, and Ti thin film are ground by the CMP method 
Kl^i^ye^nsul-ti^ film 17 top face is exposed. The titanium film. J Utan.um nrtrjd. 
film, and tungsten film which were left behind in hole 17a - 17e by th.s are used as conducive 

Fu035] 1 i:;?o e nduX^u e g i8a on n mold impurity diffusion field 15a inserted into two gate 
Sodes 1 3a and" 3b in one p well 1 2a of the memory cell field 1 is connected to the bit hne 
Mentioned lateV an<_ conduce plug 1 8of ** remaining two 2nd b is further connected to the 

^^T^S^'^mongl • the SiON (insulator layer) film 21 is formed on the 
[0036] Next as shown ^^-^ |a insu , ation film 17 top by the plasma-CVD method 

S£fS^ of Tr™ 5 ™& 2 £2^?££Z of 

t s^^^^ ~s 

reactTnt gas In addition. Si02 film 22 is formed in order to prevent invasion of the water to the 

is treated for 30 minutes at the temperature ■ « degrees C in 
the nitrogen-gas-atmosphere mind of ordinary pressure for the eburnat.cn of the S.ON film 21 

&S^Z*™ in ***** • » 00 spatter. Planum omnium ^^^^ 
oxide oTdizXnSrand ruthenium oxide strontium (SrRu03), may be formed as 1st e.ectnc 

[0° 0 "n" calcium strontium doped titanic-acid ^^^^ ^ " 

formed by the spatter as ferroelectric film 24a on 1st electric conduction film 23a w.th RF 
spatter at the thickness of 100-300nm, for example. 200nm. , intpred as a 

r0040l Scatter conditions are 1.0Ra and RF power 1kW using Ar gas us.ng PLCSZT sintered as a 
L004UJ bpatter conomons, _» hydrogen or heavy hydrogen during 

cannot be considered. Moreover, the concentration of the hydrogen in the PLCSZT film arter 

S^TJES.Uw-a That i« is the followin, can * " 

also tne same as when forming the PZT system ingredient film instead I of the PLCSZT film. 
#0411 Then it is RTA (Rapid Thermal Annealing) in an oxygen ambient . stm°sphere as 

Deposition) law and MOCVD (organic metal CVD) ~ law ~ it .s - MOCVD about law. 

rOO^As'fn'ngredient of ferroelectric film 24a, you may be ^^^^^ 
PZT and PLZT SrBi2Ta 209 and Bi layer structure compound .ngred.ent of SrB.A la, Nb^uy 

^^^^^^t^^^ «» f„m is formed hy 
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the spatter as 2nd electric conduction film 25a on it at the thickness of 100-300nm. In addition, 
Pt film or the SRO film may be formed by the spatter as 2nd electric conduction film 25a. 
[0045] Next, a resist is applied on 2nd electric conduction film 25a, a resist is exposed and 
developed further, and patterning is carried out to an up electrode configuration. After that, dry 
etching of the 2nd electric conduction film 25a is carried out to a mask using a resist pattern, 
and 2nd electric conduction film 25a is used as the up electrode 25 of a capacitor. Ashing of the 
resist is carried out by the oxygen plasma, and it is removed next. 

[0046] Next, ferroelectric film 24a which received the damage by the pattern formation of the up 
electrode 25 is annealed on 650 degrees C and the conditions for 60 minutes in an oxygen 
ambient atmosphere, and this improves the membraneous quality of the ferroelectric film. The 
concentration of particles, such as a particle with the reduction operation in ferroelectric film 
24a by this, for example, hydrogen, and heavy hydrogen, is 3 1x1017 pieces/cm. It is the 

following. , , 

[0047] To next, it is aluminum 203. Although the becoming protective coat may be formed on the 
up electrode 25 and ferroelectric film 24a, it omits, in forming ferroelectric film 24a by the 

spatter. „o _> 

[0048] Then, patterning of ferroelectric 24a and the 1st electric conduction film 23a is carried 
out one by one by the photolithography method. In addition, after carrying out patterning of the 
1st electric conduction film 23a, it heats for 60 minutes at the temperature of 650 degrees C 
within an oxygen content ambient atmosphere, and the membraneous quality of ferroelectric film 
24a is improved. 

[0049] Thereby, ferroelectric film 24a becomes the dielectric film 24 for capacitors, and 1 st 
electric conduction film 23a becomes the lower electrode 23 for capacitors. And Capacitor Q is 
constituted by the up electrode 25, a dielectric film 24, and the lower electrode 23. 
[0050] After forming Capacitor Q through the above processes, as it is shown in drawing 6 , the 
2nd interlayer insulation film 26 of the two-layer structure which consists of Si02 film and SOG 
film is formed in the whole surface, and it is a wrap about Capacitor Q by this 2nd interlayer 
insulation film 26. The Si02 film is formed by the thickness of 100-300nm all over a silicon 
substrate 10 top of the plasma-CVD method for using TEOS gas by the conditions whose growth 
temperature is 390 degrees C and whose power is 400W. Moreover, the SOG film is formed by 
heating this, after applying an SOG solution to the thickness of 80-200nm on the TEOS film. 
[0051] And patterning of the 2nd interlayer insulation film 26 is carried out by the 
photolithography method, and contact hole 26a is formed on the up electrode 25 of Capacitor Q. 
Then, recovery annealing is carried out to a dielectric film 24. Specifically, it heats for 30 1 20 
minutes at the temperature of 500-650 degrees C in an oxygen ambient atmosphere. 
[0052] Next, patterning of the 2nd interlayer insulation film 26, the SiON film 21, and the Si02 
film 22 is carried out by the photolithography method, contact hole 26b is formed on 2nd 
conductive plug 18b of the memory cell field 1, and 2nd conductive plug 18b is exposed. And it is 
TiN of 100nm of thickness the 2nd interlayer insulation film 26 top and in contact hole 26a and 
26b. The film is formed by the spatter. Then, the TiN By carrying out patterning of the film by 
the photolithography method, the partial wiring (local wiring) 27 for carrying out electrical 
installation of 2nd conductive plug 18b on p well 12a and the capacitor up electrode 25 through 
contact holes 26a and 26b in the memory cell field 1 is formed. 
[0053] Next, a process until it forms structure as shown in drawing 7 is explained. 
[0054] First, the TEOS film is formed by the plasma-CVD method on the partial wiring 27 and 
the 2nd interlayer insulation film 26 at the thickness of 200-400nm. This TEOS film is used as 
the 3rd interlayer insulation film 31. . . 

[0055] Then, while forming contact hole 31a on 1st conductive plug 18a of the mid gear of p well 
12a by carrying out patterning of from the 3rd interlayer insulation film 31 in the memory cell 
field 1 to the SiON film 21 of the lower part by the photolithography method, contact holes 31c- 
31 e are formed also on each conductive plug 18c-18e of the circumference circuit field 2. 
[0056] Furthermore, they are Ti film and TiN in the 3rd interlayer insulation film 31 top and 
contact holes 31c-31e. The film, aluminum (aluminum) film, and TiN While forming bit line 32a in 
the memory cell field 1 by carrying out the laminating of the four layers of the film one by one. 
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and carrying out patterning of 'these metal membranes, in the circumference circuit field 2, Wiring 
32c-32e is formed. These bit line 32a and Wiring 32c-32e turn into aluminum wiring of an eye 

[0057]^ addition, bit line 32a of the memory cell field 1 is connected to 1st conductive plug 18a. 
and the wiring 32c-32e of the circumference circuit field 2 is connected to each conductive 

[0058]ftVTiN of the thickness of 20nm. and the bottom about Ti film of for example, the lowest 
layer as thickness of each metal membrane which constitutes bit line 32a and Wiring 32c-32e. It 
is TiN of the thickness of 500nm, and a top about the thickness of 50nm, and aluminum film in 
the film. Let the film be the thickness of 100nm. 

[0059] Next, a process until it forms structure as shown in draw|ng_8 is explained. 

[0060] First the 4th interlayer insulation film 33 which consists of Si02 [ with a thickness of 2.0 

micrometers ] is formed after the 3rd interlayer insulation film 31, bit line 32a, and W.r.ng 32c- 

32e by the plasma-CVD method which uses TEOS gas and oxygen (02) gas. 

[0061] Furthermore, the top face of the 4th interlayer insulation film 33 is ground by the CMP 

method, and carries out flattening. Let the amount of polishes be thickness equivalent extent of 

about 1 .0 micrometers from the maximum top face. 

[0062] Furthermore, patterning of the 4th interlayer insulation film 33 is carried out by the 
photolithography method, and beer hall 33a which reaches further 32d of aluminum wiring of an 
eye, for example, wiring of the circumference circuit field 2, is formed. 

[0063] Then sequential formation of Ti film of 20nm of thickness and the TiN film of 50nm of 
thickness is carried out by sputtering, and those film is set to GRU layer 35a on the 'nside of 
beer hall 33a and the top face of the 4th interlayer insulation film 33. Then, tungsten film 35b is 
formed on GRU layer 35a. Thereby, it fills up with GRU layer 35a and tungsten film 35b in beer 

[OOM^Then the CMP method or etchback removes tungsten film 35b on the 4th interlayer 
insulation film 33 top face, and GRU layer 35a. and it is made to remain only in beer hall 33a. 
[0065] Next a process until it forms structure as shown in drawing 9 is explained. 
[0066] First it is the 1st TiN on the 4th interlayer insulation film 33. They are 500nm and the 2nd 
TiN about 50nm and aluminum film in the film. Sequential formation of the film is carried out at 
the thickness of 50nm. Then, the 1st and 2nd TiN(s) The aluminum wiring 36 of a b.layer eye is 
formed by carrying out patterning of the film and the aluminum film by the photolithography 

So67] d Then, Si02 film is formed as 1st covering insulator layer 37 by the plasma-CVD method 
using TEOS at the thickness of 200nm on the aluminum wiring 36 of a bilayer eye, and the 4th 
interlayer insulation film 33. Furthermore, it is SiN by the plasma-CVD method on the 1 st 
covering insulator layer 37. The 2nd becoming covering insulator layer 38 is formed in the 
thickness of 500nm. The wiring 36 of a bilayer eye is covered with these 1st and 2nd covering 

film 37 and 38. . 
[0068] After that, they are MOS transistors T1 and T2 and T3. In order to improve a property, 
the whole is heated at 400-450 degrees C in the ambient atmosphere of hydrogen nitrogen 
mixed gas. The hydrogen content and heating temperature in the ambient atmosphere are set as 
conditions from which the concentration of particles, such as the particle which has a reduction 
operation in ferroelectric film 24a which constitutes Capacitor Q, for example, hydrogen, and 
heavy hydrogen, finally becomes less than [1x1019 //cm ] three. Namely, the initial state of 
formation of ferroelectric film 24a to 1x1019 piece/cm3 Invasion of the reduction particle to 
ferroelectric film 24a of the following is permitted. For example, it sets to ferroelectric film 24a 
which is the capacitor dielectric film 24, and is 3 1x1019 pieces/cm from an initial state. The 
capacitor property by the increment in the reduction particles (heavy hydrogen, hydrogen, etc.; 
of the following is satisfactory. _ 

[0069] In the condition after forming Capacitor Q with the above operat.on gestalten It is the 
concentration of the particle which has a reduction operation in ferroelectric film 24a 1x101 / 
pieces/cm 3 MOS transistors [ from / after considering as the following and forming Capacitor 
Q ] T1 and T2 and T3 Where the heat-treatment for a property improvement is finished The 
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reduction operation particle concentration in ferroelectric film 24a is 3 1x1019 pieces/cm. It is 3 
1x1017 pieces/cm preferably the following. The conditions of each process are adjusted so that 
it may become the following. Thereby, degradation of a ferroelectric capacitor is barred. 
[0070] Moreover, it sets at a process until it finishes annealing in a hydrogen content ambient 
atmosphere for an improvement of an MOS transistor property. The concentration of the 
reduction operation atom in ferroelectric film 24a of Capacitor Q is 3 1x1019 pieces/cm. In 
becoming above as shown in drawing 10 , after [ for example, ] forming the pattern of the up 
electrode 25 — an up electrode 25 and ferroelectric film 24a top — aluminum 203 etc. — the 
protective coat 37 for reduction prevention which becomes with a metal oxide film is formed, and 
patterning of ferroelectric film 24a and the 1st electric conduction film 23a is carried out after 
that. This protective coat 37 is formed in order to control reduction of ferroelectric film 24a. 
[0071] Thereby, it is in the condition which finished heat-treatment in a hydrogen content 
ambient atmosphere, and the concentration is 3 1x1019 pieces/cm. Adjusting so that it may 
become the following is possible. In addition, it is the hydrogen concentration in the oxide 
ferroelectric film 1x1019 pieces/cm by choosing the formation conditions and annealing 
conditions of interlayer insulation films 1 7. 26, and 33 3 The following, it carries out to less than 
[1x1017 //cm ] three preferably, and degradation of the capacitor property Q is prevented. 
[0072] next, the property of Capacitor Q of having ferroelectric film 24a formed of the spatter — 
the reducing atmosphere after capacitor Q formation — ** — it explains [ like ] whether it is 
influenced. 

[0073] First, as shown in drawing 1 1 , after forming the lower electrode 42 which consists of the 
two-layer structure of titanium layer 42a and platinum layer 42b through an insulator layer 41 on 
the semi-conductor substrate 40, the dielectric film film 43 was formed by the spatter a little 
more than [ PLCSZT / of 200nm of thickness ] on the lower electrode. And RTA processing of 
the PLCSZT ferroelectric film 43 was carried out at 600-750 degrees C in the oxygen ambient 
atmosphere of ordinary pressure, and membraneous quality has been improved. Furthermore, the 
Ir20 film of 200nm of thickness was formed by the spatter on the PLCSZT ferroelectric film 43, 
patterning of this was carried out to the resist using etching, and thereby, two or more Ir20 up 
electrodes 44 were formed, and, subsequently were heated at 650 degrees C in the oxygen 
ambient atmosphere. 

[0074] It is one capacitor Q0 by one Ir20 up electrode 44, the PLCSZT ferroelectric film 43 
under it, and the lower electrode 42. It is constituted. 

[0075] Such a capacitor Q0 As a sample which it has, it is the flat-surface configuration of the 
up electrode 44 50x50 micrometers 2 It is [ the 1st sample made into magnitude, and ] the flat- 
surface configuration 200x200 micrometers 2 The 2nd sample made into magnitude was created. 
[0076] And such a ferroelectric capacitor Q0 The 1st and 2nd samples which it has were heated 
at the temperature of 200 degrees C in the reducing gas content ambient atmosphere of 4.5Torr 
(s). Reducing gas content ambient atmospheres are the heavy hydrogen and nitrogen-gas- 
atmosphere mind containing 3% of heavy hydrogen (D2). Heavy hydrogen is used instead of 
hydrogen from the ease of concentration detection here. Moreover, the multi-statement of the 
heating time was carried out to 0 minute, 10 minutes, 15 minutes, and 20 minutes. In addition, it 
is shown that heating for 0 minute does not heat. 

[0077] When heavy hydrogen concentration was investigated according to the secondary ion 
mold mass spectrometry (SIMS) about the 1st and 2nd samples, it is a capacitor Q0. In the part, 
heavy hydrogen concentration distribution as shown in the depth direction from the top face of 
the up electrode 44 at drawing 12 existed. Moreover, capacitor Q0 In the part in which the 
surrounding up electrode 44 is not formed, heavy hydrogen concentration distribution as shown 
in the depth direction from PLCSZT ferroelectric film 43 top face at d_rawingJI3 existed. In 
addition, in drawing 1 2 , drawing 1 3 , and the following drawings, "Ir20TEL" shows the part in 
which the up electrode 44 was formed, and "no Ir20 TEL" shows the part where the up 
electrode 44 was removed by etching. 

[0078] If there is no suitable means to measure the hydrogen concentration in a sample by SIMS 
and the experiment approach and the meaning are taken into consideration, whether replace the 
concentration of heavy hydrogen with hydrogen concentration, and it considers it or it replaces 
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with the concentration of a p&rticle with a reduction operation, extent of reduction capacity can 
be known and it will be satisfactory. 

[0079] When it expressed with the bar graph what kind of effect it would have on the heavy 
hydrogen atom concentration in the PLCSZT ferroelectric film of the 1st and 2nd samples by the 
difference in heat time amount and being compared based on drawing 12 and drawing 13 , it 
came to be shown in drawing 14 . 

[0080] In drawing 14 , "TEL" shows D concentration of the part covered with the up electrode 
44 among the PLCSZT ferroelectric film 43, and "NoTEL" shows D concentration of the part 
into which the up electrode 44 was etched among the PLCSZT ferroelectric film 43. 
[0081] The PLCSZT ferroelectric film 43 Q0 which is covered with the up electrode 44 according 
to drawing 14 , i.e., a capacitor, D concentration in the constituted PLCSZT ferroelectric film 43 
was hardly increasing with heating by the heavy hydrogen and nitrogen-gas-atmosphere mind for 
about 10 minutes. However, D concentration in the PLCSZT ferroelectric film 43 of the part 
which is not covered with the up electrode 44 is 8x1018-/cm3 by heating for about 10 minutes. 
It went up to extent. 

[0082] Furthermore, capacitor Q0 of the 2nd sample in the condition (0 minute) of not heating 
Capacitor Q0 of the 2nd sample after 10 minutes, 15 minutes, and 20-minute heating When the 
pulse voltage of **3V was impressed to each and the electrical potential difference and the 
polarization property were investigated, the result as shown in drawing 15 was obtained. 
[0083] with reference to the graph of "TEL" of drawing 14 , heavy hydrogen concentration (D) 
j ncreas es the amount (Qsw) of polarization charge shown in drawing 15 so that clearly it is 
alike, and it follows and becomes small. According to the experiment of this invention persons, 
heavy hydrogen concentration is 1x1019-/cm3. When it became above, it wrote in as a FeRAM 
eel and changed into the condition of being easy to produce an error in read-out. Here, heavy 
hydrogen (D) concentration is equivalent to hydrogen (H) concentration, and reduction atom 
concentration is 1x1019-/cm3. Becoming the following is desirable. 
[0084] Next, about the 1st sample of 1cmx1cm magnitude, when measured with the 
temperature-programmed-desorption analysis method (TDS), respectively, the result as shown in 
drawing 16 and drawing 17 was obtained [ thing / the thing in the condition of not heating, and / 
which was heated for 20 minutes in the heavy hydrogen content ambient atmosphere ]. 
Measurement of TDS was performed by carrying out the temperature up of the 1st sample from 
ordinary temperature to 750 degrees C with the programming rate of 1 degree C/second while 
placing the 1st sample into the vacuum ambient atmosphere. 

[0085] The 1st sample heated for 20 minutes in the heavy hydrogen content ambient atmosphere 
had many amounts of the amount of deuterium oxide hydrogen water (HDO, D2 O), heavy 
hydrogen (D2), and deuterium hydrogen (HD) compared with the 1st sample in the condition of 
not heating so that clearly from dr awin g 16 and drawing 17 . In addition, H is [ heavy hydrogen 
and O of hydrogen and D ] oxygen. 

[0086] Analysis of TDS also shows that diffusion of the hydrogen within the PLCSZT 
ferroelectric film 43 and heavy hydrogen increases with heating in the heavy hydrogen content 
ambient atmosphere for 20 minutes. 

[0087] In addition, analytical method can be measured not only with SIMS and TDS but with an 
Auger-electron-spectroscopy analysis method (AES) and a hydrogen dispersion front analysis 
method (HFS). 

[0088] By the way, about degradation of the ferroelectric property by the reducing atmosphere, 
the mechanism is not clear. However, a mechanism as shown in drawingJjB can be considered by 
this experiment. 

[0089] That is, if the 1st or 2nd sample is heated at 200 degrees C in a heavy hydrogen content 
ambient atmosphere, Ir02 which constitutes the up electrode 44 will be decomposed into Ir and 
02 in a vacuum ambient atmosphere, and Ir02 will generate Ir and D20 according to a chemistry 
reduction operation. Moreover, Ir which constitutes the up electrode 44 functions as a catalyst, 
and it is D2. 2D+ It changes. Furthermore, Pt layer 42b which constitutes the lower electrode 42 
functions as a catalyst, and it is D2. 2D+ It changes. And D+ It is spread on the boundary of 
electrodes 44 and 42 and the ferroelectric film 43, and, finally enters in the ferroelectric film 43. 
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[0090] Drawing 19 (a) Capacitor QOThe model of the perovskite structure immediately after 
formation is shown, and the titanium (Ti) atom and zirconium (Zr) atom which constitute the 
PLCSZT ferroelectric film 43 change between the oxygen (O) atoms of the perimeter with 
change of pulse-voltage E, and produce polarization. On the other hand, D+ When it enters into 
the PLCSZT ferroelectric film 43, it is draw i n g 1 9 (b). It is D+ so that it may be shown. The 
change of Ti atom or Zr atom is barred, the amount of changes is made small, and the amount 
Qsw of polarization is reduced. 

[0091] by the way — although ferroelectric film 24a shown in drawing 4 was formed by the 
spatter with the above-mentioned operation gestalt — MOCVD — you may form by law. 
[0092] It is common to use the gas containing hydrogen as material gas in formation of the 
PLCSZT film by the MOCVD method, therefore — as the result which does not have hydrogen 
into a membrane formation ambient atmosphere — as-depo the spatter PLCSZT to which 
hydrogen does not exist in the film — differing — MOCVD — the PLCSZT film which formed 
membranes by law — as-depo Hydrogen exists in the film. The hydrogen concentration in this 
film is 3 1x1019 pieces/cm. The concentration after it was good in it being the following and the 
dehydrogenation was carried out by annealing etc. is 3 1x1019 pieces/cm. The hydrogen 
concentration in PLCSZT in a good and final ferroelectric capacitor is 3 1x1019 pieces/cm with 
it being the following. It is good in it being the following. It is also the same as when forming the 
PZT system ingredient film instead of the PLCSZT film. 

[0093] The conditions which form the PZT film by the MOCVD method set for example, 
substrate temperature as 600 degrees C, and are THM about flow rate 0.4 ml/min and Zr (DPM)4 
in Pb (DPM)4 as material gas further considering flow rate 0.2 ml/min and Ti (DPM)4 as flow rate 
0.2 ml/min and a solvent. The pressure of a sink and its ambient atmosphere is set to 500Pa into 
a growth ambient atmosphere by flow rate 0.4 ml/min. 

[0094] Even in this case, the reduction element concentration in ferroelectric film 24a which 
forms the ferroelectric film capacitor Q for an MOS transistor on a wrap insulator layer, forms an 
interlayer insulation film, wiring, and the covering film further, and finally constitutes Capacitor Q 
is 3 1x1019 pieces/cm the same with having described above. It sets up so that it may become 
the following. 

(1) The concentration of the particle which is formed of CVD on the insulator layer formed on 
the semi-conductor substrate, the 1st electrode of the capacitor formed on said insulator layer, 
and said 1st electrode, and has a reduction operation is 3 1x1019 pieces/cm. Semiconductor 
device characterized by having the ferroelectric film for said capacitors which is the following, 
and the 2nd electrode of said capacitor formed on said ferroelectric film. 

(2) Said particle is a semiconductor device given in the additional remark 1 characterized by 
being a hydrogen atom or a heavy hydrogen atom at least. 

(3) Said ferroelectric is a semiconductor device given in the additional remark 1 or additional 
remark 2 characterized by being a PZT system ingredient or Bi layer structure compound 
ingredient. 

(4) The process which forms the 1st electrode of a capacitor through an insulator layer on a 
semi-conductor substrate, The process which forms the ferroelectric film of said capacitor with 
a CVD method on said 1 st electrode, In the manufacture approach of a semiconductor device of 
having the process which forms the 2nd electrode of said capacitor on said ferroelectric film, and 
the process which forms the film above said capacitor, at the process after forming said 
ferroelectric film It is the concentration of a particle with the reduction operation in said 
ferroelectric film 1x1019 pieces/cm 3 The manufacture approach of the semiconductor device 
characterized by making it the following. 

(5) The process which forms a transistor in a semi-conductor substrate, and the process which 
forms the 1st electrode of a capacitor through an insulator layer on said semi-conductor 
substrate, In the manufacture approach of a semiconductor device of having the process which 
forms the ferroelectric film of said capacitor on said 1st electrode, the process which forms the 
2nd electrode of said capacitor on said ferroelectric film, and the process which forms the film 
above said capacitor The concentration of the particle which has the reduction operation in said 
ferroelectric film at the process after forming said capacitor is 3 1x1019 pieces/cm. On the 
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conditions which become the followmg The manufacture approach of the semiconductor device 
characterized by having the process which heats said semi-conductor substrate in a hydrogen 
content ambient atmosphere in order to improve the property of said transistor. 

(6) Said particle is the manufacture approach of a semiconductor device given in the additional 
remark 5 characterized by being a hydrogen atom or a heavy hydrogen atom at least. 

(7) Said ferroelectric film is the manufacture approach of a semiconductor device given in the 
additional remark 5 or additional remark 6 characterized by being formed of a spatter or MOCVD. 



[Translation done.] 
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* NOTICES * '• 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] D rawing 1 is the sectional view (the 1) showing the formation process of the 

semiconductor device concerning the operation gestalt of this invention. 

[Drawing 2] Drawing 2 is the sectional view (the 2) showing the formation process of the 

semiconductor device concerning the operation gestalt of this invention. 

[Drawing 3] D rawin g 3 is the sectional view (the 3) showing the formation process of the 

semiconductor device concerning the operation gestalt of this invention. 

[ Drawing 4] Drawing 4 is the sectional view (the 4) showing the formation process of the 

semiconductor device concerning the operation gestalt of this invention. 

[Drawjng 5] Draw ing 5 is the sectional view (the 5) showing the formation process of the 

semiconductor device concerning the operation gestalt of this invention. 

[Drawing 6] Dra win g 6 is the sectional view (the 6) showing the formation process of the 

semiconductor device concerning the operation gestalt of this invention. 

[ Drawing 7] Drawing 7 is the sectional view (the 7) showing the formation process of the 

semiconductor device concerning the operation gestalt of this invention. 

[D rawing 8] D rawing 8 is the sectional view (the 8) showing the formation process of the 

semiconductor device concerning the operation gestalt of this invention. 

[Drawing 9] Drawing 9 is the sectional view (the 9) showing the formation process of the 

semiconductor device concerning the operation gestalt of this invention. 

[Drayyjng 10] Drawing 10 is the sectional view showing other formation processes of the 

semiconductor device concerning the operation gestalt of this invention. 

[Drawing 1 1 ] Drawing 1 1 is the sectional view showing the sample of the ferroelectric capacitor 
which constitutes the semiconductor device concerning the operation gestalt of this invention. 
[Drawing 12] Drawing 12 is heavy hydrogen concentration distribution by the SIMS analysis after 
carrying out heavy hydrogen processing of the capacitor of the semiconductor device concerning 
the operation gestalt of this invention. 

[Drawing 1 3] Dra wing 1 3 is heavy hydrogen concentration distribution by the SIMS analysis after 
carrying out heavy hydrogen processing of the capacitor boundary region of the semiconductor 
device concerning the operation gestalt of this invention. 

[Drawing 14] Drawing 14 is drawing showing the heavy hydrogen processing time of the capacitor 
of the semiconductor device concerning the operation gestalt of this invention, and the 
f erroe |ectric film of the boundary region, and the relation of heavy hydrogen concentration. 
[Drawing 1 5] Drawing 1. is drawing showing the electrical-potential-difference-polarization 
property of the ferroelectric capacitor by which changed time amount and heavy hydrogen 
processing was carried out. 

[Drawing 16] Drawing 16 is drawing showing the concentration distribution by the TSD analysis 
of the oxygen in early stages of a ferroelectric capacitor, hydrogen, and heavy hydrogen. 
[Drawing 1 7] Drawing 17 is D2 of a ferroelectric capacitor. It is drawing showing the 
concentration distribution by the TSD analysis of the oxygen after heating, hydrogen, and heavy 
hydrogen. 

[ Drawing 18] Drawing 18 is D2 of a capacitor which has Ir02 and PZT. It is the mechanism of 
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degradation to depend. * 

[Draw in g 19] D rawing 1 9 (a) and (b) The early stages of the capacitor of a semiconductor device 
and D2 concerning this invention The ferroelectric film configuration atom condition after heating 
is shown. 

[Description of Notations] 

10 — A semi-conductor substrate, 11 — An isolation insulator layer, 12a, 12b — Well field, 13a, 
13b, 13c — A gate electrode, 15a, 15b — Impurity diffused layer, 16 — A sidewall, 17, 26, 31, 33, 
18a-18e — Plug, 21 [ — Ferroelectric film, ] — The SiON film, 22 — Si02 film, 23a, 25a — The 
electric conduction film, 24a 23 [ — Partial wiring, 32a / — Partial wiring, 32b-32g / — Wiring, 
35 / — A plug, 36 / — 37 Aluminum wiring, 38 / — Covering film. ] — A lower electrode, 24 — 
A dielectric film, 25 — An up electrode, 27 
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effl^M3 l)5^-?-(7)T*-a>Si0N^2 UTS?* h 

:n JH 2 a Otfi*fil<Ol 1 W^Utt^^ ^ 1 8 a <D 
±\z=i>?2 h-*-;U3 1 a^^fK-r-Siit^. 
(ElS&ffi«2 0€-^m'tt^^^l 8 c~l 8 e±tc*>n> 
h*-Jl/3 1 c~3 1 e£^firT£. 
[0 0 5 6] $e.tC, ^3«lf a 1lf«[3 1C±<i:3> 
^ hjjs— ;U3 1 c~3 1 eCO<piZim, TiN Jg. Al 

tizn&mm&rt-?— ->{/-r%z\£\z£. o. ^^eu-t 

JH«lte^ bigg 3 2 aSMTSttfeC, JUS® 

k«®2-c«se^3 2 c~3 2 es^srr*. -ne© 

tfy htt3 2 a. JEfllS 2c~3 2 ett. — HBOTJU 

[0 0 5 7] fc*, *=E'J-fe;HiWtl©ey H^3 2 a 
ttSS 1 <D&n.&-7~5 9 1 8 a C8«Sn. Sfc, Pffl® 
K«J« 2 CDEigl 3 2 c ~ 3 2 e (i#S«tty7 ^ 1 8 c 
- 1 8 e KftttStl*. 

[0 0 5 8] f-y hH83 2 a. iH«S3 2 c~3 2 e £81 
^T£#£^M(£iKff<hLT0J;U£«TIB©TiBI£2 0 
nmCDift^, TffiiJCDTiN M£5 0 nmCO/PS. Al«£ 5 
0 0 nmC9J?£. ±ffliJ«TiN ^S: 10 0 nm©J5$«l:"r 

[0 0 5 9] 0 8tC^T«kP^igS:^"r^* 

[0 0 6 0] TEOS^XiS^{0,)*X^ 
t5y7X7CVDSIC«tO. 2. 0 /zmCDJS^COSiO, 

a» & & * 4 onmi&auK 33^3 onmi&nK 3 

1. \±v 2 aK:tfB2*g3 2 c~3 2 e(D±iZ&rfL 

[0061] $ e> (c. ^4 omwtmm 3 3 <Z5±®£ c 
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[0 0 6 2] ££tc. 7* MJV^57^ fetCJ:0^4 
o«MtfilUR3 3£A*-r:>?XT. -»B<dt;W5 
n^/AE*. ^JA««22[US&M«2<DBHi6S3 2 dIClJM 

[0 0 6 3] «EViT. k*7*— JU3 3 a©rttB<!:g§4© 
BWI&SM3 3©±JS»C. BSIJ92 0 nmOT Iflt£Mt* 
5 0 nmOT i NISX/V^U >^tCi OJH&JBriE 
U ^tie.©^^— 5 •?•©&, 

yjp— Kt3 5 a±.\Z?>i/7.T>m3 5b$MT 
•S. CiniCiD, ;U3 3 artCli. if)V-V-i 

t35 a<h^>^X^>M3 5 b#jfc*£n£. 

[0 0 6 4] -£-©&, f&4©Bra*6ig$|3 3±P_h©* 
>^5=->JK3 5 bRtf^Jl/-Wf t3 5 a£CMPi£ 
X«X>y^;^>yi7JC<t0^LT. £7*—;!/ 3 3 aF*3 
»C©3.$S#£-t£-5. 

[0065] ^ic ssic^-ri^^jS^^sK-r^)* 

[0 0 6 6] S-T. *4 0JilBtfc||W3 3 0±fc«10 
TiN K£5 0 nm, A1)S$: 5 0 0 nm. % 2 ©TiN Jg£r 
5 0 nmC0J?$tCfll^fi£-r-5. «t>T. HR^S2 
©TiN mthim*7* bVV{f57<{mz&r)/Mr-- 

>>?-?z>z.}i\z&<o- m&v>7 i*Mmz g&b 

[0 0 6 7] m^X. TEOS^I^^XVCVD 
j£(CJ;0. —mBV>7)lS.-0&mm3 6 <hlfS4©JffH 
«6ii3 3©±C; ^l<D^A*-*6^3 7 iUTSiO, 
l*2 0 0 nm©J?SI3St5. 3 «1©M 
— ttlMJt 3 7 ©±tC, y^XTCVD&lCiOSiN £0 
2 ©^/t— $6^K3 8^5 0 0 nmCf^CM 
T-5. Cine>©i&l&tfMS2©;*J/\'-]8l3 7, 3 8 IC«fc 
0— BS©SEI§13 6«^ns, 

[0 0 6 8] -tOftK, MOS h7>^T l .T,,T 

. ©4*tt*lft±"r*fc*»c. 7Ks^5StiI£r#x©f?fflls; 
tTi#5 4 0 o~4 5 ot:x-»a^-r^. -^©sb^* 

4 af-eS5cf£Jl£J$o!|SH\ ft /til**. 

•★^ott^oaaiE^jRittwc i x i o"<i/cu*7k 

a©^j£©?l]»j:i#<i^£ 1X1 0"ffi/cm 5 *§S£T© 
?Slfl«#:M2 4 a^©S7£&^©gAtef i Rg£n£. #J 
Atf, +t/1y^t#i2 4T*^iM#K2 4 a 
(Ci5V>T. «J«3tt^€) 1 X 1 0"e/cm' *gt©il7C 

[0069] EK±(D^vfs.mmmm-cit, *t/v>^Q 

Tcff^tJ^PlCt^oaft* ixi o-'fll/cm 5 &mt. 
U 3r-v /V>^Q£J£j£Lfc:g^<=>MOS 
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t. %i9#i2 4 a tf <Dm.7ffim%L?mmtf 1 x 1 o 
r /1 •> 9 w&vctm vf e> tl -5 . 

[0 0 7 0] MOS h7>>'^^^'ttOT5S:#C0fc 

ii^T. *t/V>^Q©MtM2 4 af ©jiTcf^ffl 
Jg?-©iS£a<» ixi0"i/ci' £U:l;:fc*<k'5fc« 
&\Zfc. 0 tC^K-TckoiC. _hgpm®2 5©/1 

10 *->£»£LfcKK, ±»«^5£!M«*fl«2 4 
a ©±1^1,0, ^©&PSS{LililKJ:9&3S7cl»ll:ffl© 
&mm3 7 ZBF$.V. -?-©&t;:, «it#12 4atl 
10W2 3a$/^-Z>m. CO§iK3 7 
5*»«#:|)t2 4 aOJt5c**P«|-r*fc«>K:»rtSn 

-5. 

[0 0 7 1] dtitciO. tK^WUH^-COJSjd^M 
at»>L)ttt!BT, ■*•©««# 1 x 1 Ci/ci' jfeiS 

Will 7, 2 6, 3 3 0^^7--^?; 
20 J: 0«fl:tt9SR«#«© 1 x 

1 0"e/cm s *$t. *f*L<lil x l 0"©/cn] s 5fc 

[0 0 7 2] iktC. XA-y^feKiO^fifcSn^Rfl 
^2 4 a£WT£*Wli>:?Q©#tfe$ t *-\'A->:5'Q 
©fi£»©fi7C??H^;T"t*J;^^:^$n^7S^i$iWT 

[0 0 7 3] £"f\ H 1 HZ^T^OiZ. ¥##S«4 

o ±icieayK4 1 ^ttf^ 4 2 a tzf??-j-m 

4 2 b©-H«iSA^^-5TSP««84 2S:^BS:Lfc» 
30 IC, TSGtt® ±lzmm 200nm©PLCSZ 

W4 34X/t7^fef;J:DfSjlfc. -?-LT> PL 
C S Z TffcSt«#m4 3 ^JEramSf^H^.*-? 6 0 0 
~7 5 O'CT-RTAjaSLTmM^^SLfc. ^5.tCP 
LCSZT^11»:I4 3±\zmM2 0 0 nmOI^OK 

^$ffl^t/1?-->yb. ^ntCJ:0Ir 1 0±gPM4 

[0 0 7 4] 1-D<DIt,0±&WM4 4i-E-OTOPLC 
40 SZT^**M4 3R^Tgf«S4 2lCJ:^T10© 

[0 0 7 5] ^-©«fc5&*V/V>*Q. Sr^-T-SM^i: 
LT, ^(D±MW&A 4©^®^tt$:5 0 X 5 0 tin! 
©*£$<bUfcffll©iim£. 0 0 X 

2 0 0/Lim' ©*££<fcUfcSg2©im<h£fmb£:. 
[0 0 7 6] *IT, ^-©i^^^W^^^/^^^Q 

, i£tt5SlR^2©a^4. 5Torr©S7C^X 

^wiffflM^x-Mffi 2 o o'cx-iol^bfe. «7c#;*"£*r 
i?h^:«. 3%©s*^ (d, ) ?&-&tra*^ • 

50 H»"C*«. uCT;I**I4, ««1ftta©«fttE^63iC 
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^ 1 1 5^ 2 0#<fc*gg:t££bfc. fc*5. 0 

[0 0 7 7] IBlRtfiB2©li»K::PHT. -^-f*> 
liK*##rft (S IMS) lc<koTS7ksit«K£i8^£: 
**/t'>*Q, ©S5:*mi±gSfl:ffi4 4©±® 

ja^osi^^isifcgi 1 2 {c^T^p&aTKjfiisafr** 5 

#&Lfc. ^-v/tV^Qo ©^ffl©±SS«S4 4 

3ft«»j3tanTt>!*t»»»T?ttP L C S Z T3£8S«#JK4 

3 jiBA^siis^isitcs i 3 tc^-r«t -5 ^a*35sis«^ 

ffjWSfiEUfc. fc*3. 012. 01 3ftlHSlT©B*c*s 
lr»T Tlr.OTELj ttJ:»*a4 4**JEfJ«*nfc«3f* 
jRU r n o lr,0 TELJ ttlji =f->V\Z& DiitfBS 

[0078] s i MsiciOK^^OTkmiBSSraas-r 

7cflUSSHr-3tM t ©B«£B#»*.T*>, ffi7cfg^©S 

[0 0 7 93 012 Rtf 0 1 3 icg^i*. B&lflOB^ 
tC «fc OSfl 1 fttflg 2 W&<D P L C S Z TifcSfttttBi'P© 
StK^MT £« K £ © J: 3 fc»» * ft «r J&» 7 
I^UTitftLfciC^. 01 4JC^-r«fc5»C^ofc. 

[0 0 8 0] 014«*>T. TTELJ tt, PLCSZT 
!Sg|*frlH4 3©?-£±:g|$*8i4 4 iCBt>nfctt£-0D 
BB**SU Sfc, TNoTELj tt, PLCSZTS 
if#I4 3©-3"&-hSHtS4 4«<Iyf>yShfc» 
#©Digg£*UT^-5. 

[0 0 8 1] 014 Cctnfcf. ±a5«ffi4 4 KffitonT 
HSPLCSZTiMWfl«43. EPti*V/V>*Qb 
SMITHS P L C S Z TiitM4 3©tp©Djft 

nTV»&V»»»0 PLCS Z T?lil#:S4 3 t«DI 
Bttl 0ftm&Z>mmz&r>T8 X l C'/crf g«S 

[0 0 8 2] S&IC. *JjPf&#ffi. <0$» CDffl 2 
©^/li^Q, i. 10». 15». 2 0»MftO 
£S2©K**©*WV>*Q. co-en-?niC±3 

xnffi^EnJrabT«jE • fl-swtttB^fctii*. 01 

[0 0 8 3] 01 5lC*Ufc^«*W* (Qsw) tt. 0 
14® TTELj ©$ r 7"7Sr#BL>T9iS3^£.fc'3fcr, 
S7k5ft©S (D) aflfttf.afc«£oT/hS<£oT< 
-5. *%K#ecoH!^icJ:n«. S*5SSBK*<1 x l 0 
"/cm 5 BLhKfcSfc. F e R AM-fcJU £ UT*#& 

t, s?k* <d) mm-t^m (h> iskic^lt^ 

T. MtcJI^S^I x 1 0"/cm 1 4: ft: 
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[0 0 8 4] lcmXlcm©*?30Sl©li 

«rffi (TDS) ickoTiBJ^Lfctci^, 01 6 £01 
7lC*TJ:5fe^** t #^nfc. TDS©l!l5£te. mi 
OttftSJCffiffflftftt^ ti*C Iff 1 ©!£**£# 

aiSfl[iT;/^T#aiJ^6 7 5 o^c^-c#sbxfTt> 

[0085] 016, 01 7 
10 JWMr»B**T 2 0 »|BJ0JftUfc» 1 ©K»tt. **P 

7K (HDO, D, O) ©Si:*** (D, ) t^a^x 
'J^AtKs!? (HD) ©firt^^ofc. H^tK^. 

[0 0 8 6] TDSW^i-tfffCJ;oTfc2 0^-raWftTK^ 

^Wf?ffl^T<Dsngiic:«fcoT. PLcszmutwi 

[0 0 8 7] >W3. »«WttttS IMS, TDS 1£V}~C 
20 fc<. ^-viWMMtt (AES) . TK^mSLM 
Xftttm (HFS) !Cj;oTt>Bj£"C**. 

[0 0 8 8] B7cttJS:B«fcJ:*B»«*M* 
i&OSJrftKl-PHTtt. ^©^xXAte^SStC&oT'v* 
ts.U. L#>U ^-|§l©fSSfctCJ:t). 01 8JcS-r«fc'5J& 

[0 0 8 9] BPS. S7K5S^*«H^.*T"2 0 CCUlS 
lXttlB2©ettSlnl(!l-r«4:, ±«tB4 4**Mrr 
SIrO,ttK^HM4>TIri:0 l tC^»Sn, tifc. IrO, 
tt^STcf^fflJCfcoTIrtD.OS^-rs. *&. ± 
30 «B«4 4*«jrr*Ir#tt»fcLT«liEbTD, 5 2 

d* $e.tc tsp«@4 2£#ifirf3PtJi4 

2 b3&«»flEtUT»IEUTD, 42D' {C^^.^>„ 

T. D* AitS4 4, 4 2 £!£BHMtiK4 3 £com&lZ 

ttfkU. «,^B<]tC?SSI«fl:JK4 3rtlCA^>. 

[0 0 9 0] 019(a) tt, =^r/t->^Q. »J*Sia© 
h«ifi© ; exJl'Sr^L,, PLCSZTSSf 
«ft:JS4 3S«t5f^> (Ti) K^»S?;U3=9A 

(Zr) K^tt*©«BO*3R (O) R^iCWS/^T, 

40 (C*fLT. D* ^PLCSZT?ISItftl4 34 1 CA0 
jitrt. 019(b) \Zm-f^o\Z. D* «TiMT-^ZrlS 

[0 0 9 1] tC5T. iiffiUfcSIM^Srett, 041C 
^Ufc^l3l«^JR2 4 aft^y^ftfciOJBriELfc 
MOCVDSl;«toTifSbTfe«tK 
[0 0 9 2] MOCVDSlCi5PLCS ZTl^fSlc 

as:e<]T*-5. fDfztb. fcmnm^izfcmtftt^&M 

50 tbTas-depo M^tCzK^^ffiU^^X/^ y^ P L C 
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SZTtSfcO. MOCVDftTfiKILfcPLCSZT 
JgTH as-depo mWZTkmtfWtE-r*. Z.om'POrt- 
»W#lxiO i, i/cm' ^T-CS^i«fc<. * 

/cm' fiTFT* fi&Mte^fl:**:* 
^/^v^ffroPLCSZT^CDTK^zS^U X 1 0"® 
/cm' RTT*-5i:J;^. PLCSZTM^ft^OtC 

p z T*»»K*»j*T*«^t>m»T»*. 

[0 0 9 3] MO C VDftl:J: 0 P Z TlSMtS^ 

mt. s«®«*6 o ot:tcffi:SL, $<=>»c, 1 

^^7.tLTPb(DPM), £SftM0. 4ml/min. Zr(DPM), 
£SfE»0. 2ml/min, Ti (DPM), £SrtM 0 . 2ml/min , ?g 
l&tLXTM &ffi.m0. 4ml/minTfiXftl?H^.4 I {C8S 
U *t<Dnm9.<DK.ll$: 5 0 OPatT-5. 
[0 0 9 4] u©«^Tfc, ±IBb^ci:l^«HC. MOS 

artcoSTtTC^S^TiU x l 0"iB/cm 5 

(1) *#ttas«Ji»cjBj«anfctt»Bi4:, Krei&iUK 
±i;M$tifc*t/v>^©^ i tat, must ins. 

±\ZC VDfc«fc D#J«Snj&"3a5£fWB*»-3tt*©« 
S*<1X1 0"lH/cm 5 *Srx?**WE=* l r/'«->^fflO 

* <o% 2 mm t zm-rz z. t t-r * 

(2) WfEfci^H tfcacJSR^ta**^© 

SB. : 

(3) liria&SSmttH P ZT%W#2i-X«Bi«tt«^t 

(4) i|s«ffa«LhKI6IWIl*^-bT*i'/X->^OJBl 

* r n •> ? 2 «ff £iKrfa3iil£«#BI _h tc Mt^l 
T^^ttSB^SSig^ffiKiJlAT. ffiflEttBBttKS 
O^OOSgS 1 X 1 0"S/cm J *^tc-r^>^tsr# 
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(6) OTEf&^H ^«c< tfcTK^JS^tMTK^H^w 
UWT* £ ^ t £#m<hT 5#E 5 tCE*©¥## 

(7) fflElftStttfMKtt. X/Vy^XttMOCVDCi 

H <h 5^tt5#E 5 XtettE 6 CE« 

[0 0 9 5] 

«^m«7K^^i:a*mS^©«K€>^aS: 1X10 

TtmTkmmTomfa&i x 1 o"<@/cm* *s§t-r£ 

[0MWW#^iK0J] 

[0 2] 02 H *«H©*M»»fc«*i|&*#«B<D 
»j£ie*jS"*"WBB (^<Z>2) T?**. 

[0 3] H3«. *f£B<D*M»BK«*i|&#flsBfi<0 
JBfiStXSSr^-rBffflS (-to 3) 

[04] 04H *5SWOl8Si»»«C«a*»#S«© 
Bfi£XgSr^-r»f®0 4) tr&s. 

[0 5] BSIt 

®fisxs^^-r»f®0 (-to 5) t?»*. 
o [0 6] g6ii 

[0 7] 07H **B©fOi#«fc«* 

[0 8] 08 H 3MEH©*«»BK«*¥*WW6B© 

[0 9] 0 9«. **?B<0«16»ttK«**#flcSs«0 

[010] 01011 *Rn®iHG»££tK«¥*ft& 
BWte©BfiXXg*^-r»ftS0T$.-5o 

to [01 1] 01 in *5&w<DnmBM\z.mz>*m&m 

[012] 01 211 $3&m<Dmi&BB\Z&iZ>¥&fc£ 

[0 13] 01 3lt *^W*SS^.tC^-5^*#:^ 
B<D*WV>*jaffl««£«*3&M3Lfc&©S IMS 

[0 14] 01411 #*9i(0*Jg»fi6Kr«* i l*#{*:S 
50 B04 l -v/'«>'^Rtf-tOfflffl«l*©!Sl8!*#R«>*** 
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[sis] @i 5 a, B#m<£iEAT*7Kmsas^n/i?i 
[0i6] 01 6«. m.mm.fo** rt*/$m<»m%* 

[017] 01711 ?£^m#*wv>*roD, ao^ft 

#:fc£^-r0T-<&£. 
[018] 01 8H IrO, tP ZTSWTS^Wtv'* 

[019] 01 9(a). (b) *%9il;:fll£¥*#gB 
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[W^^ift^] 

1 0-¥®#S«. 1 1 -S&^fl-fKI&BtflB. 12 a, 1 
2b-^i;H«, 13 a, 13 b, 13c-y-ht 
C. 15 a, 1 5 b---7tMMttKJI. 

1 7, 2 6, 3 1, 3 3. 18a~18e-^7 
£\ 2 1— SiON^, 2 2— Si.0,l&. 2 3 a, 2 5a-» 
«R. 2 4a-ttll«*lt. 2 3-TSPWS. 2 4-R 
10 ttftJR. 2 5-_hg&«@. 2 7-«BfEtt, 3 2a-l 
mi2iH. 3 2b~3 2g-BHM> 3 5 -77^ 3 6- 
TJUS-^AIESS. 3 7, 3 8-*A- JR. 
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* Your ref: 2003- 1559A/NEP/0 1554 Our ref: US08-0316 

(translation of OA) 

Mailing Date: April 21 , 2004 
NOTICE OF REASON FOR REJECTION 

Japanese Patent Application No. 2003-153693 
Preparation Date: April 16, 2004 
From Masayuki OGAWA, Examiner of the Patent Office 
To Agent: Motohiko FUJIMURA 

Applied Article: Article 29, para. 1 , and Article 29, para. 2 

It is considered that the above-identified patent application should be rejected for 
the reason set forth hereunder. In case the applicant wishes to raise an argument 
against this decision, the applicant is required to submit the argument within 60 days from 
the mailing date of this notice. 

Reason for Rejection 

1 . It is considered that the inventions as set forth in the following claims of this 
application are the same inventions which are described in the following publications 
which have been distributed in Japan or abroad, or are made available to the public 
through electric telecommunication lines, prior to the filing date of this application. 
Therefore, this application cannot be patented under the provision of Article 29, para. 1 
subpara. 3 of the patent law. 

2. It is considered that the inventions as set forth in the following claims of this 
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application are deemed to have easily been conceived prior to the filing date of this 

application by those who have ordinary knowledge in the technical field it belongs to, on 

the basis of the inventions described in the following publications which have been 

distributed in Japan or abroad or made available to the public through electric 

telecommunication lines, prior to the filing date of this application. Therefore, this 

application cannot be patented under the provision of Article 29, para. 2 of the patent law. 

Notes (See the list of cited references etc., below.) 



• Regarding the invention in claims 1-2, 5-7 

Reasons 1 , 2 

Cited reference 1 
< Remark > 

See especially paragraphs [0099] - 
reference 1 . 



[0120] and Figs. 14 - 18 of the cited 



• Regarding the invention in claims 3-4, 8 

Reasons 2 

Cited reference 1-3 
< Remark > 

To mount a ferroelectric capacitor on a plug oxidation protective film is a publicly 
known art disclosed in the cited reference 2. (See paragraphs [0021 ] - [0067] and Figs. 
1 -9 .) Furthermore, to form a hydrogen diffusion preventing layer on side surfaces of a 
ferroelectric capacitor is a publicly known art disclosed in the cited reference 3. 
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For the claim other than the claims specified in this notice of reason for rejection 

i.e. claim 9, no reason for rejection is found at present. If any reason for rejection is 

found later, it will be notified. 

The list of cited references etc. 

1 Japanese Patent Kokai No. 11-17124 

2 Japanese Patent Kokai No. 2003-86776 

3 Japanese Patent Kokai No. 2002-353414 



Record of the result of prior art search 

• Technical fields to be searched Int. Cl(7) 

H01L 21/8229 

H01L 21/8239-21/8247 

H01L 27/10-27/115 

• Prior Arts But Not Applied 

No prior art references are found other than the references cited in the present 
notice of reason for rejection. 

This record is not a component of the reason for rejection. 



In case the applicant wishes to ask any questions concerning this notice of 
reason for rejection or to have an interview with the examiner regarding this application, 
please contact: 

Masayuki OGAWA 

Semiconductor division, third patent examination department 

3/4 



»» 

... Your ref: 2003-1559A/NEP/01554 Our ref: US08-0316 

(Tel) 03-3581-1101 Extn. 3462 

(fax)03-3501-0673 



4/4 



- gEg#j|:FJ000188 ^M^: 144813 :¥fi£l6¥ 4J3 21 B 



1 



4#S£ajlS<£>#^ 4#SS 2003-153693 

jglgB ¥^16f 4^160 

^ffJt^SW 'hill ^ 9634 4M00 ^ 

m m 



1. £(Z>ffiH<0Tffi©it^JlK:ffiS3gi3l3rau ^-©m®H«^B*Hl*lX«^fflfc^ 

•ffi^l-2, 5-7 
2 

3lffl0iJ 1 

<tft #> 

5\mMl<D [0099] ~ [0120] WtWBLXmi 4EI~fgl 8 0^#C# 
Mo 

•1*^3-4, 8 

is 2 

3lffi#J 1 - 3 

<« #> 

y^^^±M±^il«^^/V>^^^-r^^«5lffl^J2 ( [0 0 2 1 



• ' ^g#^:FJ000188 fgMSft: 144813 :¥fiEl6*E 4^21 B 2/E 

1 ~ [0067] giMiM9i^m ) izmmznT^ztettBiffi 
\zni&<D m £ £ n s . 

51 ffl X UK * - K 
l.#§fl¥l 1-17 1 2 4^S 

2 . 4#Hi§ 2003-86776 

3 . «fPB 2 0 0 2 - 3 5 3 4 1 4-%&$S 



• IStfcM IPCfg7K£ 
HO 1 L 21/8 229 
H01L 2 1/8239-21/8247 
H01L 2 7/10-2 7/115 

mmm m m *n-e § i b & t> <d ska \z m b , 



TEL. 03 (3581) 1101 ^3 4 6 2 
FAX. 03 (3501) 0673 



